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METHOD FOR THE CONTINUOUS SYNTHESIS OF MONOALKYL-HYDRAZINES 
WITH A FUNCT I ONAL I ZE D ALKYL GROUP 

The present invention relates to a method for the 
5 continuous synthesis of monoalkylhydrazines with a 
f unctionalized alkyl group. 

Within the context of the present invention, 
"monoalkylhydrazine" is understood to mean any hydrazine of 
formula NH 2 -NH-R in which R represents a f unctionalized alkyl 

10 group, that is to say, comprising at least one function chosen 
from the group consisting of a carbon-carbon (the case of 
allylhydrazine) or carbon-nitrogen unsaturation, a hydroxyl 
group (the case of 2-hydroxyethylhydrazine) , an alkoxy group 
(the case of 2-methoxyethylhydrazine) or phenoxy group (the 

15 case of Ph-0-CH 2 -CH 2 -NH-NH 2 ) , a carboxylic acid group, a 
' . tertiary amine function (the case of ^(Me) 2 N-CH 2 -CH 2 -NH-NH 2 ) or 
a phenyl group (the case of Ph-CH 2 -NH-NH 2 ) . 

The monoalkylhydrazines, in particular allylhydrazine, 
are compounds frequently used as intermediates in the 

20 manufacture of medicines. 

At present, the only methods of synthesis described in 
the scientific literature call upon hydrazine hydrate (N 2 H 4 ) 
and the nitrosamines . In the particular case of the synthesis 
of allylhydrazine, the first method consists of gradually 

25 adding 1.28 moles of allyl bromide to 8.96 moles of hydrazine 
monohydrate, which corresponds to a molar ratio of 7. During 
the addition, the temperature must be maintained below 40 °C. 
The reaction mixture is then heated under reflux at 70 °C for 
one hour. After extraction with ether and distillation, a 

30 mixture consisting of 57% monoallylhydrazine (CH 2 =CHCH 2 NHNH 2 ) , 
11% diallylhydrazine ( ( CH 2 =CHCH2 ) 2 NNH2 ) and triallylhydrazine 
is obtained. The implementation of a higher ratio decreases 
the quantity of the monoallylhydrazine to the benefit of the 
diallylhydrazine (34.6% yield in (CH 2 =CHCH 2 ) 2 NNH 2 ) . The 

35 difficulties of allylation are at the level of the non- 
selectivity and the separation of the allylhydrazine in mono-, 
di- and tri-allylhydrazine/water/N 2 H 4 mixtures (Loffe B.V et 
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al., Zh. Org. Khim (1967) 3 (6), 938-8). A series of patents 
(JP 93-256100; JP 93-261194; JP 7118218; JP 7112963) have been 
filed which call upon various methods to yield a compound of 
high purity. 

5 A second method for the synthesis of allylhydrazine 

consists of a low-temperature (5 °C) nitrosation of 
allylhydrazine followed by a chemical hydrogenation (LiAlH 4 ) 
of the nitrosated derivative ( 1-nitrosoallylamine) in an 
ether at ed medium. The yield of the reaction does not exceed 

10 42%. However, the product arising from the first step must be 
handled with much precaution because of its toxicity (it is a 
highly carcinogenic compound) , which poses problems for its 
industrial production. Moreover, the use of LiAlH 4 requires 
the absence of trace amounts of water, watertight reactors and 

15 anhydrous solvents (diethyl ether) , the effect of which is to 
increase the risks of igniting the reaction mixture. r- 

Moreover, it is recognized that the so-called "Raschig" 
reaction, can be called upon for the preparation of the various 
hydrazines, which consists of synthesizing the monochloramine 

20 by the reaction of ammonia with a sodium hypochlorite solution 
and reacting the monochloramine thus formed with an amine to 
obtain the corresponding hydrazine. This method is rather 
difficult to- implement because it requires two distinct™ steps , 
the first carried out at a low temperature for the synthesis 

25 of the monochloramine and the second carried out at a high 
temperature, in which the • synthesis of the hydrazine is 
carried out. In addition, the monochloramine must be in the 
presence of a sufficient excess of amine in the intermediate 
solutions so as to avoid secondary degradation reactions, and 

30 subsequently the method always requires very large quantities 
of the solutions to be . treated. However, this method cannot be 
applied to the preparation of all alkylhydrazines and 
especially not for the preparation of mono-substituted 
alkylhydrazines. Moreover, treatment of the synthesis 

35 solutions requires the extraction of water and then amine, 
which requires costly operations. 
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The inventors have now discovered a novel method ■ of 
synthesis of monoalkylhydrazines, in particular of 
allylhydrazine . This method, implemented continuously, is 
based on a transposition of the Raschig method, and it 
5 consists of preparing chloramine by the action of sodium 
hypochlorite on ammonia at low temperature, then making the 
chloramine thus produced act on alkylamine in a homogeneous or 
heterogeneous medium, then recycling the amine and extracting 
the hydrazine thus formed. The starting amine can be recycled. 
10 The present invention makes possible a simple and 

economic method for obtaining alkylhydrazines . 

Thus, the present invention has as an object a continuous 
method for the synthesis of a monoalkylhydrazine of formula 

15 NH 2 -NH-R (I) 

in which R represents independently an alkenyl radical at C 2 - 
C 6 , an alkynyl radical at C 2 -C 6 , a linear alkyl radical at C1-C5 
containing at least one imine function (-C=N-) or a linear or 
branched alkyl radical at Ci-C 6 carrying at , least one 

20 functional group selected from the group comprised of the 
radicals OH, alkoxy at Ci-C 6 , C=NH, C=N, phenoxy, COOH, COO- 
alkyl at Ci-C 6 , phenyl or NR3R4, R 3 and R 4 each representing 
independently an alkyl- radical at Ci-C 6 or forming a ring at 
C2-C 6 , wherein it comprises the following successive steps: 

25 a) synthesizing -the monoalkylhydrazine of formula I in a " 

suitable reactor while causing to react in an alkaline medium - 
and at a temperature in the range between 25 and 4 5 °C a 
monochloramine with an anhydrous amine of formula NH 2 -R (II) , 
R having the same significance as for formula I; then 

30 b) demixing the solution obtained following step a in an 

organic phase and an aqueous phase by the addition of 
anhydrous sodium hydroxide under cooling so that the 
temperature of the demixing medium does not exceed the boiling 
points of the compounds; and 

35 c) isolating from the organic phase thus obtained the 

monoalkylhydrazine of formula I. 
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During step a, the monochloramine and the anhydrous amine 
of formula II are advantageously introduced simultaneously. 

The synthesis of the monoalkylhydrazine of formula I in 
step a is carried out in a homogeneous medium or a 
5 heterogeneous medium in an appropriate reactor, which is 
advantageously a stirred tubular reactor. The tubular reactor 
makes it possible to avoid contact between the nascent 
monoalkylhydrazine and the monochloramine and thus it makes it 
possible to avoid an oxidation-reduction reaction between 

10 these two reagents. The reaction front moves along the tube 
and the monoalkylhydrazine no longer remains in contact with 
the monochloramine injected at the base of the reactor. 

According to an advantageous variant of the invention, 
the concentration in hydroxyl ions in the reaction medium of 

15 step a is in the range between 0.3 and 0.8 mol/1. 

According to an advantageous variant of the invention, in 
step a, the anhydrous amine/monochloramine molar ratio of 
formula II is in the range between 18 and 30, inclusive. The 
reaction time is variable and depends on the temperature at 

20 which the reaction is carried out and on the concentration 
ratios of the reagents. For example, in the case of the 
synthesis of monoallylhydrazine, in the range of concentration 
ratios given and at 25 °C, the reaction time is on the order 
of 2 to 10 minutes. 

25 According to an advantageous variant of the invention, 

before step a, the monochloramine is alkalized in a mixer by 
the addition of a sodium hydroxide solution in such a way that 
the weight concentration in sodium hydroxide in the mixer is 
in the range between 2% and 6%. The mixer is advantageously 

30 maintained at a temperature in the range between -10 and 5 °C. 

Thus, according to this variant of the invention, the 
reaction of the monochloramine with the anhydrous amine of 
formula II is carried out in the presence of an aqueous sodium 
hydroxide solution at a temperature in the range between 25 

35 and 45 °C. When step a comes out of the reactor, that is to 
say, at the end of the reaction, the concentration in sodium 
hydroxide is less than 0.3 mol/1. The concentration in soda 
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must not be too high because if it is, the reaction * mixture 
risks demixing by salting out. In the event of salting out, it 
would then be necessary to use a stirred plug-flow reactor. 

During the monoalkylhydrazine synthesis reaction, 
5. hydrochloric acid is also formed. The alkalization of the 
monochloramine, that is to say, the addition of a strong base 
such as soda, makes it possible to neutralize the acid formed, 
in order to avoid any local protonation of the amine at the 
moment of mixing and thus to avoid the formation . of a 

10 substituted monochloramine, which could cause the formation of 
di-or tri-substituted alkylhydrazines . The quantity of the 
strong base added must be sufficient to neutralize all of the 
acid formed. Moreover, the speed of the formation of the 
hydrazine increases with the alkalinity of the medium, which 

15 is not the case for degradation reactions, such as, for 
example, the oxidation of the nascent hydrazine by the 
chloramine . 

The monochloramine, advantageously alkalized, and the 
anhydrous amine of formula II are advantageously introduced 

20 into the reactor simultaneously. The flow rates of the 
addition of the anhydrous amine of formula II and the 
monochloramine are such that the molar concentration ratio of 
•-the heterocyclic amine to the monochloramine is advantageously 
in the range between 18 and 30, inclusive. In the case of the 

25 ' synthesis of monoallylhydrazine, the synthesis reaction is 
carried out in a homogeneous medium. r 

During step b, the quantity of anhydrous sodium hydroxide 
added is advantageously such that the weight concentration in 
sodium hydroxide is in the range between 10% and 35%, 

30 preferably 30%. Under these conditions, the medium demixes 
into two phases, one of which, the light phase (organic 
phase) , concentrates the near totality of the organic 
molecules, in particular the monoalkylhydrazine and the 
initial amine. This treatment with sodium hydroxide makes it 

35 possible by demixing to eliminate at least 70% to 80% by 
weight, according to the organic character (number of carbon 
atoms) of the amine and of the monoalkylhydrazine, 
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advantageously approximately 85% by weight, of the water 
present in the reaction medium and to extract the ammonia 
formed with salts in the lower phase (aqueous phase) . The 
water content decreases with the number of carbon atoms, and, 
5 conversely, increases if hydrophilic functional- groups are 
present. 

In the case of the synthesis of allylhydrazine, for 
example, the temperature of the demixing medium of step b must 
not exceed 80 °C. 

10 Step c advantageously comprises the following successive 

steps: 

i) isolating the unreacted anhydrous amine of formula II 
and a concentrated solution of the monoalkylhydrazine of 
formula I by distillation of the organic phase obtained 

15 following step b; then 

ii) if necessary, purifying the aforesaid concentrated 
solution of the monoalkylhydrazine of formula I. 

The distillation, advantageously carried out at 
atmospheric pressure, makes it possible to recover at the head 

20 of the column the totality of the unreacted initial anhydrous 
amine of formula II at a distillation temperature equal to or 
slightly above the boiling point of the aforesaid amine 
without ..leading to the formation of the monoalkylhydrazine 
which has a higher boiling point, 

25 The- aforesaid amine, recovered following "step i is 

advantageously reinjected into the reactor of step a. The 
aforesaid amine can be reinjected directly, without additional 
treatment, into the • reactor of step a where the 
monoalkylhydrazine is formed. The concentrated solution of the 

30 monoalkylhydrazine of formula I can be purified, if necessary, 
advantageously by distillation, which can be carried out at 
atmospheric pressure. This distillation, called final 
correction, makes it possible to obtain at the head of the 
column a concentration higher than 95%, advantageously higher 

35 than 99%, in monoalkylhydrazine. The aforesaid distillation is 
possibly preceded by a step of demixing in an organic phase 
and an aqueous phase by the addition of anhydrous sodium 
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hydroxide in such a way that the weight concentration in 
sodium hydroxide is in the range between 30% and 50%. This 
demixing step makes it possible to eliminate the water 
possibly still present in the concentrated monoalkylhydrazine 
5 solution obtained following step i. 

The monochloramine introduced in step a is advantageously 
prepared according to a method comprising the following 
successive steps: 

oc) preparing an aqueous sodium hypochlorite solution 
10 having a chlorometric degree in the range between 36° and 
100° , possibly by the dilution of a hypochlorite solution 
having a chlorometric degree in the range between 100° and 
120°; then 

(3) reacting a solution of ammonium hydroxide and of 
15 ammonium chloride with the aqueous sodium hypochlorite 
solution obtained following step oc, in a slightly alkaline 
medium, at a temperature in the range between -15 and -7 °C, 
in order to form the aforesaid monochloramine. 

Within the context of the present invention, the 
20 expression "slightly alkaline medium" is understood to mean a 
medium whose pH value is approximately 10±1. 

The molar ratio of the ammonium hydroxide and ammonium 
chloride solution to --the aqueous sodium hypochlorite solution...,- 
advantageously lies between 2.5 and 3, inclusive. 
. 25 The molar ratio of the ammonium chloride to the ammonium - 

hydroxide advantageously lies between 0.1 and 1.75, inclusive, - 
more advantageously it is approximately 0.65. 

If the chlorinated reagent used in step a is obtained by 
the dilution of a 100-120° chlorometric high-concentration 
30 hypochlorite solution, this dilution presents the advantage of 
decreasing the sodium chloride content by 40%. This treatment, 
favorable for the environment, allows the bleach solution to 
be cooled to -15 °C without the risk of crystallization. 

The method developed, which is the object of the present 
35 discovery, makes it possible to obtain a perfect selectivity 
at the level of the monoalkylhydrazine without the presence of 
its di- and tri-substituted forms, which is one of the major 
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originalities compared to the treatments that use alkylation. 
It can be considered that the method of synthesis according to 
the invention never leads to di- or tri-substituted products. 
Indeed, the non-substituted amine reagent, the monochloramine 
5 to be specific, gives up its NH 2 - group to the amine of 
formula II by SN2 nucleophilic substitution. The resulting 
mono-substituted alkylhydrazine will thus retain the same 
degree of substitution as the precursor amine. This method, 
which is simple to implement, avoids the various previous 

10 complex treatments for isolating the monoalkylhydrazine in the 
presence of the H 2 0-N 2 H 4 mixture. 

1 The method of the present invention thus makes possible 
not only the continuous synthesis of monoalkylhydrazine, 
without the formation of any toxic intermediate, but it also 

15 makes it possible to obtain the aforesaid hydrazine at a 
relatively low cost. ~r.-v 

The example gives, on. a purely non-limiting basis, a 
detailed description of the implementation of the method of 
20 the invention, a method whose schematic diagram is represented 
Figure 1. 

Significance of the abbreviations used: 

Rl : Reactor 1 

M: Mixer 
25 R2: Reactor 2 

CD1: Distilling column no-. 1 

CD2 : Distilling column no. 2 

1: Anhydrous allylhydrazine 

2: Allylhydrazine 
30 3: Water+NH 3 +NaCl+NaOH solution 

EXAMPLE : Continuous preparation of the monoallylhydrazine 

All of the quantities indicated correspond to a unit 
35 system and are in relation to a liter of hypochlorite 
injected. 
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One liter of a sodium hypochlorite solution elaborated by 
the dilution of 50% of a high-concentration hypochlorite 
solution (100-120° chlorometric, which is after dilution 
[NaOCl]=2.14 mol/1 and [NaCl]=0.85 mol/1) and a liter of a 
5 solution having an ammonia concentration, of 3.60 mol/1 and an 
ammonium chloride concentration of 2.38 mol/1 are each 
introduced continuously into a stirred reactor (Rl) at a rate 
of 5 ml/min (which is 6 g/min of the 48° chlorometric 
hypochlorite solution and 5.05 g/min of the NH 3 +NH 4 C1 ammonia 
10 mixture) . 

The temperature within the reactor is maintained in the 
range between -8 and -11 °C, and the pH of the reaction is 
approximately 10. Upon removal from Rl, a monochloramine 
solution of a concentration greater than 1 mol/1 is obtained, 

15 which corresponds to a yield near 100% with respect to the 
sodium hypochlorite. ~'v ■.- 

Upon removal from Rl, the monochloramine solution 
obtained above (2 liters) is alkalized by the continuous 
introduction of a concentrated solution of sodium hydroxide 

20 (0.39 liter at 30% by weight) into a double-wall mixer . (M) 
maintained at a low temperature in the range between -9 and - 
11 °C. Homogenizat.ion is ensured by a magnetic drive. 
T . -, The synthesis of the monoallylhydrazine is carried out by 

means of a stirred tubular reactor (R2) . The alkalized 

25~ monochloramine (2.39 liters), arising "from the container • of 
the mixer M, and the anhydrous allylhydrazine (3.25 liters, 
which is 2.46 kg due to its density of 0.760) are introduced 
simultaneously at the base of the reactor by means of metering 
pumps. The flow rate of the anhydrous allylhydrazine is 

30 16.46 ml/min and a part of the reaction is carried out in a 
homogeneous medium at 35 °C. The final concentration in NaOH 
upon exit from R2 is 0.3 mol/1. 

This present method is characterized such that the sodium 
hydroxide is added to the homogeneous reaction liquor (5.6 kg) 

35 according to a weight concentration preferably in the range 
between 30% and 40% and under cooling so that the temperature 
does not exceed 45 °C. Under these conditions, two phases are 
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obtained, one of which, the light phase (approximately 2 kg) , 
contains the totality of the organics, that is to say, the 
monoallylhydrazine and the excess allylamine. This treatment 
thus makes it possible to eliminate between 80% and 85% by 
5 weight ,of the water present in the synthesis solutions. 

Obtaining the monoallylhydrazine then requires two 
successive steps: 

- Recovery of the unreacted allylamine by the 
distillation of the phase at atmospheric pressure. 

10 Approximately 1.7 kg of anhydrous amine is recovered at 

a temperature of 52 °C (distilling column CD1), which 
is reinjected without treatment into the reactor R2 . 

- Purification of the solution obtained in the base of 
the column, (distilling column CD2) after separation by 

15 the addition of sodium hydroxide (40% to 50%) . Before 

purification, the light phase has a concentration in 
monoallylhydrazine of at least 95%. 
After purification, the monoallylhydrazine having a 
degree of purity greater . than 99% is obtained. The yield in 
20 the monoallylhydrazine with respect to the allylamine consumed 
is greater than 80%. 



